Full space velocities are computed for a sample of 130 nearby RR Lyrae variables using both ground-based and Hipparcos proper motions. In many cases proper motions for the same star from multiple sources have been averaged to produce approximately a factor of two improvement in the transverse space velocity errors. In most cases, this exceeds the accuracy attained using Hipparcos proper motions alone. The velocity ellipsoids computed for halo and thick disk samples are in agreement with those reported in previous studies. A distinct sample of thin disk RR Lyraes has not been isolated but there is kinematic evidence for some thin disk 
Introduction
The correlation between kinematics and metallicity gives useful information for formulating theories of galactic structure. Differences in chemistry and space velocities are crucial in defining the different populations within the Milky Way and inferring their origin.
Populations of particular interest in the neighborhood of the Sun are the old thin disk, thick disk, and halo. Differences in kinematics of different populations may be subtle, so high-precision data are important.
The old thin disk is comprised of the kinematically hotter portion of the thin disk (stars older than about 1 Gyr), confined to a scale height of about 300 parsecs (Gilmore & Reid 1983) .
It is kinematically well mixed with an asymmetric drift of about 15 km/sec (Freeman, 1987) . The metallicity distribution of the old thin disk peaks at about the solar value with approximately ±0.2 dex spread (McWilliam 1990) .
The thick disk is the kinematically hottest portion of the disk of the galaxy, with a scale height of about 1.0 kpc (Gilmore & Reid 1983) and an asymmetric drift of about 40 km/s (Carney et al. 1989) . Thick disk stars are the oldest stars in the disk (Edvardsson et.al. 1993) with a metallicity distribution peaking at about [Fe/H]=-0.5 (Carney et al. 1989) . There is evidence that the thick disk contains stars with metallicity as low as [Fe/H] = -1.6 or even lower (Norris et al. 1985 , Morrison et al 1990 , Beers and Sommer-Larsen 1995 . The first two papers use samples of K giants whose metallicity was measured using the DDO photometric system.
Later studies (Twarog and Antony-Twarog 1994, Ryan and Lambert 1995) showed that in the metallicity range of interest ([Fe/H] < -1.0) the DDO metallicities were systematically too low. This resulted in an over-estimate of the number of metal-weak thick disk stars, and Twarog 4 and Anthony-Twarog concluded that "it is questionable that [the metal-weak thick disk] exists as a separate population". However, other samples, with different metallicity calibrations, have also identified metal-weak thick disk stars, and we will show in this paper that there are a small but significant number of metal-weak thick disk RR Lyraes in our sample.
The halo is characterized by a roughly spherical space distribution with close to zero net rotation (Carney & Latham 1986) . Its stars are metal poor, with a peak metallicity at [Fe/H]=-1.6 (Laird et al. 1900) . However, since the mid-1980's, many studies have suggested that it cannot be described by a single, smooth, and kinematically well-mixed entity. There have been several
suggestions of a two-component halo, with a flattened component in the inner halo and a more spherical outer halo, including Hartwick (1987) , Preston et al. (1991) , Kinman et al. (1994) (who used the spatial distribution of RR Lyraes and blue horisontal-branch stars), Zinn (1993) , (who used globular cluster data), Sommer-Larson and Zhen (1990) , Norris (1994) , and Carney et al. (1996) (who used field-star samples). It is also possible that accretions of dwarf galaxies like the Sgr dwarf (Ibata et al. 1994 ) make the galactic halo so complex that separation into two components is not a good description. Perhaps the halo is better thought of as resembling a "bowl of spaghetti" in phase space, as the accreted satellites slowly phase-wrap (Majewski et al. 1994 , Johnston et al. 1995 . We should keep in mind that investigations of halo kinematics may only be applicable to a specific place in the Galaxy (in the case of our study, the solar neighborhood) and may have velocity structure smoothed out by the velocity resolution of the study.
RR Lyraes are good tracers of these stellar populations because they are relatively bright, sample a large volume of space, have a short period of variability which make them easily identifiable, and cover a wide range of metallicities (most between -2.0<[Fe/H] < 0.0). Originally 5 RR Lyraes were assumed to be a fairly homogenous group mostly found in the halo. They occupy a fairly narrow region of the HR diagram where the helium burning horizontal branch crosses the instability strip between T eff of 6100K to 7400K (Smith 1995) . The masses of RR Lyraes range from about 0.6 to 0.8 solar masses (Smith 1995) , which implies ages from roughly 14 to 17 Gyrs. This mass/age bias could preclude RR Lyraes being found in the old thin disk population. The higher metallicity of the thin disk would also shift the zero age horizontal branch towards the red, out of the instability strip. For these reasons RR Lyraes are rarer in younger and more metal rich populations. Taam et al. (1976) have suggested that there is a small possibility that a higher mass star could lose enough mass while ascending the giant branch for it to land in the instability strip on the zero age horizontal branch. In this manner RR Lyraes covering a wider range of ages and metallicities could be formed. However, we lack a complete understanding of the mass loss parameters involved. Preston (1959) was the first to make a comprehensive survey of RR Lyraes. He concluded that the RR Lyraes in his sample covered a range of metallicities and kinematics that are consistent with both the disk and halo. In Preston's magnitude-limited sample about 25% of the RR Lyraes belong to the disk and about 75% to the halo.
For nearly two decades no further large scale surveys of RR Lyraes were conducted. Layden (1994 Layden ( , 1995 made an updated survey containing a complete sample outside of the galactic plane (his survey is incomplete at galactic latitudes less than 10 o ) and produced improved metallicity and radial velocity data. The most important improvement over previous studies are Layden's highly accurate metallicities (see Lambert et al 1996) . Layden et al. (1996; referred to here as LHHKH) added proper motions from the NPM1 (Lick Proper Motion Survey, Klemola et al., 1993) and Wan et al. (1980) to compute full space velocities in addition to adding more stars 6 at low galactic latitudes. LHHKH concluded that RR Lyraes show two chemically and kinematically distinct populations in the solar neighborhood: the thick disk and the halo.
In LHHKH, the errors in the space velocities were dominated by proper motion errors(which are 2 to 3 times the radial velocity errors). In this work we will improve on the LHHKH space velocity errors by improving the proper motion estimates.
Errors in distance to RR Lyraes make an important contribution to errors in space velocity. With good photometry random errors are reduced to a few percent or less. Of more concern are the systematics introduced by adopting a distance scale, which vary by as much as thirty percent. Recently Feast and Catchpole (1997) and Chaboyer et al. (1998) have argued for a longer distance scale (M v (RR)=0.30 at [Fe/H]=-1.9). We will discuss the effect of changes in the distance scale on our derived kinematics.
The Database
Origin and Overlap
The sample of RR Lyraes we used as a basis for our database is composed of all known RR Lyrae variables north of declination -10 o that are brighter than 11th magnitude as defined by Kinman (1997) , who has obtained high quality light curves for the entire sample. We relied almost exclusively on metallicities, radial velocities, and distances from Layden (1994) The Lick Northern Proper Motion Survey (Klemola et al. 1993 ; NPM) is a natural source of proper motion data for our sample because it contains many stars of astrophysical interest, including most of the RR Lyrae variables in our sample. Proper motion data was used from a number of other catalogs: the USNO Twin Astrograph Catalog (Zacharias et al. 1996 ; TAC), the Hipparcos Catalog (Perryman et al. 1997; HIP) , the Astrographic Catalog Reference Stars (Corbin et al. 1991; ACRS) , the Position and Proper Motion Catalog (Roser & Bastian 1989; PPM) , and a list of proper motions of RR Lyrae stars published by the Shanghai Observatory (Wan et al. 1980l; WMJ) .
The TAC is a recently published work that covers a range of apparent magnitudes slightly fainter than the ACRS or PPM with improved astrometric accuracy over both. We employed an average weighted by the inverse variance for all the stars which had proper motions independently determined in two or more catalogs. This scheme, in addition to reducing the errors, has the advantage of reducing the influence of any small systematic errors in the individual catalogs. Proper motions for 80 of the 130 stars in the sample were improved in this manner (see Table 1 ). The proper motion data for the stars in our sample are given in Table   2a .
It should be noted that the proper motions in all the catalogs except the NPM and HIP are on the FK5 J2000 system. The HIP is on the International Celestial Reference System (ICRS) which has replaced the FK5 system. The ICRS is consistent with the FK5 J2000 coordinate system so any differences are not significant (Arias et al., 1995) . The NPM proper motions are based on an "absolute" frame that appears to have no significant formal errors with respect to the HIP proper motions on the ICRS system (less than 1 milli-arcsecond per century) (van Leewen et al. 1997) . Thus the all proper motions in this study have been treated as if they are on the same astrometric reference system.
Distances, Metallicities, and Radial Velocities
We used distances from Layden (1994 lengthens the distance scale by 25%. The effect of this on our results will be discussed in the section "Changes to the Distance Scale."
The metallicities and radial velocities for our sample were taken from Layden (1994) and LHHKH. The S relation used by Layden (1994) and LHHKH to measure the metallicities of the RR Lyraes in his sample is calibrated on the Zinn-West (1984) abundance scale. The S to
[Fe/H] relation has since been re-examined by Lambert et al. (1996) . They showed that to a high degree of accuracy the Layden (1994) Eight of the stars in the sample did not have distances or radial velocities in Layden (1994) (see Table 2b ). Six of these are in LHHKH, though no errors are give for the [Fe/H] or distance values. For two of these stars radial velocity data was obtained from the Hipparcos Input Catalog (HIC; Turon et al. 1992) and [Fe/H] values were computed using S values from Preston (1959) and the S to [Fe/H] relation from Layden (1994) . Photometry was obtained from Kinman (1997) to calculate the distances to all eight stars. The photometry included mean apparent V magnitude and (B-V) colors at minimum light. The (B-V) colors at minimum light were used to obtain interstellar extinction factors, following Blanco (1992) and assuming a reddening coefficient (R) of 3.20. The mean absolute V magnitude for each star is computed using the method of LHHKH. The extinction, mean absolute V magnitude, and the mean apparent V magnitude are then combined to calculate a distance. Errors in this distance are computed by a standard Monte-Carlo error simulation. The random errors for the distances computed from the Kinman photometry averaged just under 2%, compared to 8% for the LHHKH distances.
Numerical Methods

Coordinate Transforms
The equatorial coordinates in the database were converted into galactic coordinates using standard transformations. The galactic coordinates were in turn used to obtain galacto-centric distance R and height above the plane Z. For these last calculations the position of the Sun was assumed to be 8 kpc from the galactic center and in the plane of the Galaxy (Z=0).
Space Velocities
The U, V, and W space velocities are computed from the distance, radial velocity, and
proper motion as a function of celestial equatorial coordinates using the method of Eggen The mean U, V, and W velocity and velocity dispersions for a sample are calculated using a trimmed mean and sigma routine (Morrison et al. 1990) . In this case, ten percent of the most extreme values are excluded from the calculations, making the results less sensitive to outliers.
Population Analysis
Defining Galactic Populations
There are four broad parameters which can be used to define distinct populations of stars more sophisticated method will attempt to sort out the kinematic, chemical, and spatial overlaps between populations. Age, determined by fitting stars to calibrated isochrones, can sometimes be used to distinguish populations. However, it is difficult to measure ages for RR Lyraes to any accuracy so we will not discuss age any further. The overlaps between populations are of particular interest because they provide insight about the formation histories.
It is important to keep in mind biases that may arise in defining samples. A sample defined by a property such as metallicity or kinematics will yield results biased with respect to that property. As an example, it is necessary to use a kinematic and spatial definition of a population to study the metal weak thick disk so as to not bias the disk population against metal weak stars.
Kinematically Unbiased Samples
Initially, disk and halo populations were separated by metallicity to yield a kinematically unbiased sample for analysis and then by kinematics and position to yield a chemically unbiased sample. Although these methods of separation do not introduce kinematic or chemical bias in each case, we should keep in mind the mass and age biases inherent to a sample of RR Lyraes.
The most dramatic difference between disk and halo populations is their rate of rotation (V velocity). The results of the kinematic analysis of the HALO1 and DISK1 samples appear in Table 3 .
The velocity dispersions of the HALO1 sample are consistent with samples of the local halo using a variety of tracers including RR Lyraes (LHHKH; Layden 1995; Chiba & Yoshi 1998) , red giants (Morrison et al. 1990; Chiba & Yoshi 1998) , a compilation of metal poor stars from a variety of sources without kinematic bias (Beers & Sommer-Larsen 1995) , high proper motion subdwarfs (Carney et al. 1996) , and a synthesis of results from many different types of tracers (Norris 1986 ) (see Table 4a ). The Chiba and Yoshi (1998) sample is a combination of RR Lyrae and red giant stars. We prefer to focus on their results for RR Lyraes since the uncertainties in the metallicities of their red giants translate into distance errors which exceed those for the RR Lyraes, significantly enlarging the velocity errors from proper motions. The mean V velocity of the HALO1 sample (-197 ± 12 km/s) is consistent with a slightly prograde halo with V rot =35±12 km/s(taking the LSR rotation to be 220 km/s and the Sun's velocity to be +12 km/s). The U velocity dispersion (180 ± 14 km/s) is slightly larger than other estimates but agrees within one sigma with other studies.
The DISK1 sample has velocity dispersions similar to several published thick disk samples, including RR Lyraes, F subdwarfs, and proper motion selected samples (LHHKH; Layden, 1995; Edvardsson et al., 1993; Beers & Sommer-Larsen, 1995 ; see Table 4b ). The DISK1 sample has an asymmetric drift of +41 ± 11 km/s, also consistent with the other thick disk samples. However the mean W velocity of the DISK1 sample is larger than we should expect. The contribution of solar motion to our mean W is only -7 km/s (Mihalas & Binney 1981) and the mean for our sample is -29 ± 6 km/s.
The reason for this discrepancy in the mean W velocity for the DISK1 sample is uncertain.
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No other study shows such a large negative mean W velocity. LHHKH found a more negative than normal mean W velocity in their sample of RR Lyraes (-16 ± 6 km/s) which has a two sigma overlap with our value. The plot of W velocities of the RR Lyrae sample from Chiba and Yoshi (1998) also shows the same lack of metal rich RR Lyraes with positive W velocities. Although our sample is not an all sky sample like LHHKH or Chiba and Yoshi (1998) they find the same effect to a lesser extent, suggesting that spatial sampling is not the cause. Also, we have been unable to identify "moving groups" in the DISK1 sample that may be biasing our results.
Since many of the stars in the thick disk (DISK1 sample) are observed at low galactic latitudes and our sample is more complete here than LHHKH's, the transverse component of the Thus we have been unable to identify the reason for the non-zero mean W velocity. A larger sample may help identify the factor influencing our result.
The Thin Disk 14
The DISK1 sample appears to be only representative of the thick disk population, not the thin disk population. If RR Lyraes do exist in the thin disk then they most likely exist in small numbers only and it would be difficult to separate them out of our small sample of 26 stars.
The W velocity dispersions calculated for the thick disk using RR Lyraes (See Table 4b Figure 2 that the region of small V tot and large Z is unpopulated. This is because it is unlikely that a star far from the galactic plane will be moving in a circular orbit like the Sun.
The Halo
The HALO2 kinematics are similar to those of the HALO1 sample except on two points. The kinematics of our HALO2 sample are consistent with those calculated by Carney et al.
(1996) for a "low" halo sample selected by orbital eccentricity (a method which should exclude most metal weak thick disk stars from that sample). However, the "low" halo sample selected by Carney et al. (1996) by metallicity shows a stronger prograde rotation, having kinematics more consistent with our HALO1 sample (see Table 4a ).
A histogram of the V velocities of the stars in the HALO2 sample does not have a gaussian shape (see Figure 3 ). It appears bimodal, with the division at V rot ¢ 0 (V= -232 km/s).
Varying the histogram bin size and location does not significantly alter this distribution. Plots of both U and W velocity against V velocity for the HALO1sample (Fig. 4) do not substantially change this result.
What might be the cause of the differences seen in Fig. 4 ? The clumping in W velocity suggests the possibility of moving groups (although we would expect to see a similar amount of clumping in U velocity). Johnston, Spergel, and Hernquist (1995) showed that a tidally disrupted group of stars in the galactic halo should spread out along the orbit of the original group, maintaining a small velocity dispersion along the axis perpendicular to the orbital motion. We were unable to subdivide any portion of our halo samples into moving groups with these unique kinematic signatures. However, a portion of the halo consisting of many of these tidally disrupted groups may have a kinematic signature that differs from the gaussian velocity distributions expected for the halo. A more extensive sample is needed to investigate this further.
The Disk
The [Fe/H] distribution of the DISK2 sample (see Figure 5 ) includes a significant number of metal weak stars ([Fe/H]<-1). The DISK2 sample is broken into two additional samples which are also analyzed in Table 3 . The DISK2A sample includes the DISK2 stars with [Fe/H] less than -1.0 and the DISK2B sample includes all of DISK2 with [Fe/H] greater than -1.0.
The kinematics of the DISK2B sample are almost identical to those of the DISK1 sample, which is to be expected since they contain almost all the same stars. The average V velocity and the velocity dispersions of the DISK2A sample not significantly different from those calculated for the DISK1 and DISK2B sample or other thick disk samples (see Table 4b ). We believe the slightly larger values are due to a small amount of halo contamination in the DISK2A sample.
Dropping the four stars with V velocities less than -200 km/s from the DISK2A sample changes the average V velocity to -41 km/s and decreases each of the velocity dispersions by about 10 km/s. The resulting kinematics are a closer match to the other thick disk samples. The DISK2A sample is clearly taken from the thick disk population but contains stars with more halo-like metallicities.
The Metal Weak Thick Disk
We propose that the DISK2A sample is taken from the metal weak thick disk first identified by Norris et al. (1985) . The mean velocities and velocity dispersions of our DISK2A
sample are similar to those calculated for the metal weak thick disk by Morrison et al. (1990) (see Table 5 ).
We can compare the number of RR Lyraes in the metal weak thick disk to the number in the halo because they cover the same abundance range. Using our DISK2A and HALO2 samples, The presence of the metal weak thick disk among the stars in our study also supports the previous assertion that the HALO2 sample is a better gauge of halo kinematics than the HALO1 sample. There are 11 members of the DISK2A metal weak thick disk sample that have [Fe/H] less than -1.3 and would have contributed to a slightly prograde rotation of the HALO1 sample.
Removing the contamination of the metal weak thick disk we obtain the HALO2 sample which shows a non-rotating local halo. Morrison et al.(1990) also removed the metal weak members of the thick disk from their halo sample, but in that case it resulted in a halo sample with a somewhat more prograde V rot (25 km/s vs. 13 km/s). Having full space velocities has allowed us to more effectively remove the metal weak thick disk stars from our HALO2 sample. Table 4b shows that the metal weak thick disk (DISK2A) has kinematics consistent with samples of metal enriched thick disk stars. Ryan (1992) pointed out that if a 16% longer distance scale is adopted for the UBV spectroscopic parallax technique used by Majewski (1992) that the retrograde rotation of the halo found in his work is reduced from V rot = -55 km/s to V rot = -9 km/s. Similarly, our data exhibits the same retrograde halo rotation as Majewski (1992) if we apply a lengthening to our distance scale of a factor of 20%-30%. Majewski (1992) reported that his measurement of retrograde rotation in the halo could be a product of a systematic error in the distance scale but dismissed this possibility after analysis of possible errors. Carney et al. (1996) reported local or "low" halo kinematics similar to those we have calculated for our halo samples and that the kinematics of the distant or "high" halo are consistent with those found by Majewski (1992) . This would imply that the portions of the halo sampled by Majewski (1992) are dominated by a population or populations with kinematic properties different from those of the local halo. In this case we 21 would not expect to find a strong retrograde rotation in our halo samples.
A change in the distance scale affects the computed velocity dispersions as well as the mean rotational velocity. In the case of our data, the velocity dispersions for the halo computed using M v (RR) brighter than 0.40 are much larger than any other dispersions reported in the literature for other types of tracers (see Table 4a in other independent kinematic analyses of the halo. Catelan (1998) has found no difference between the period-temperature distributions of field and cluster RR Lyraes, ruling out the possibility of two groups differing in physical properties. It seems likely that systematic errors may be responsible for this discrepancy rather than a fundamental physical difference between cluster and field RR Lyraes.
Summary and Conclusions
The results of our kinematic analysis of disk and halo samples agree in general with other published results (Table 4a and IIIb). It is our belief that the HALO2 sample (defined as stars The spatial and kinematic parameters used to separate the HALO2 and DISK2 samples allowed us to detect an extended metal weak tail in the DISK2 distribution. We believe this tail (DISK2A) is a representative sample of the metal weak thick disk of Norris et al.(1985) . The kinematic parameters we derive for the DISK2A sample are in agreement with those derived by Morrison et al.(1990) and consistent with those calculated for the more metal enriched thick disk.
We find a significantly smaller proportion of metal weak thick disk stars (N(RR) MWTD /N(RR) HALO = 0.26 ± 0.06) than Morrison et al. (1990) and that the distribution of stars in the metal weak component of the thick disk extends to metallicities at least as low as [Fe/H]=-2.0, in agreement with Beers & Sommer-Larson (1995) .
With respect to the distance scale we found that a change in M v (RR) has no significant effect on the calculated kinematics of our disk samples. However, a shift of as little as 0.10 mag.
in M v (RR) has a significant effect on the mean rotational velocity and the velocity dispersions of the halo. If we were to adopt the distance scales of Feast and Catchpole (1997) or Chaboyer et al. (1998) this would significantly enlarge the calculated U, V, and W velocity dispersions well beyond normally accepted values. Accepting this distance scale would also result in a calculated retrograde rotation of our local halo samples comparable to that detected by Majewski (1992) for the distant halo.
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